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Abstract 11 
 12 
Raman spectroscopy complimented with infrared spectroscopy has been used to characterise 13 
the antimonate mineral bindheimite Pb2Sb2O6(O,OH). The mineral is characterised by an 14 
intense Raman band at 656 cm-1 assigned to SbO stretching vibrations.  Other lower intensity 15 
bands at 664, 749 and 814 cm-1 are also assigned to stretching vibrations.  This observation 16 
suggests the non-equivalence of SbO units in the structure.    Low intensity Raman bands at 17 
293, 312 and 328 cm-1 are assigned to the OSbO bending vibrations. Infrared bands at 979, 18 
1008, 1037 and 1058 cm-1 may be assigned to δ OH deformation modes of SbOH units.  19 
Infrared bands at 1603 and 1640 cm-1 are assigned to water bending vibrations, suggesting 20 
that water is involved in the bindheimite structure.  Broad infrared bands centred upon 3250 21 
cm-1 supports this concept. Thus the true formula of bindheimite is questioned and probably 22 
should be written as Pb2Sb2O6(O,OH,H2O) 23 
 24 
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1. Introduction 27 
 28 
The mineral bindheimite  [1] is a lead antimony oxy-hydroxide of formula 29 
Pb2Sb2O6(O,OH) [2-4].   The mineral is an oxidation product of lead antimony sulphides such 30 
as jamesonite Pb4FeSb6S14 and boulangerite Pb5Sb4S11.  The mineral is cubic and is often 31 
found as fibrous pseudomorphs of the parent sulphide mineral. The mineral was first analysed 32 
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in 1879 [5].  Montoya [6] showed that some bindheimite from the Eureka Mine, Utah, 33 
contained silver, presumably replacing Pb in the structure.  This mineral also contained 34 
significant concentrations of bismuth.  The mineral has often been described as amorphous. 35 
This does not appear correct as the mineral is readily analysed by X-ray diffraction (this 36 
work) [3].  37 
 38 
It is interesting to note that only very few papers have been published on the 39 
spectroscopy of antimonate minerals [7]. What research has been published is related to the 40 
analysis of pigments [8-10].  Some spectroscopic analyses of calcium and lead antimonates 41 
have been forthcoming [11-13].  Very few studies of related minerals such as natural 42 
antimonates have been undertaken [14-16].  In some studies of arsenite containing minerals, 43 
it was found that the hydroxyl unit was coordinated directly to the metal ion and formed 44 
hydrogen bonds with the arsenate anion [17].  Raman spectroscopy has proven especially  45 
useful for the study of related minerals [18-26].  As part of a comprehensive study of the 46 
molecular structure of secondary minerals containing oxy-anions, formed in the oxide zone, 47 
using IR and Raman spectroscopy, we report the Raman properties of the antimonate mineral 48 
bindheimite.  The aim of this paper is to report the Raman spectra of bindheimite and relate 49 
the spectra to its crystal chemistry. The paper follows the systematic research on Raman and 50 
infrared spectroscopy of secondary minerals containing oxy-anions formed in oxidation zone.            51 
 52 
2. Experimental 53 
 54 
2.1  Minerals 55 
 56 
 The mineral bindheimite was obtained on loan from The South Australian Museum.   57 
The origin of the mineral is the Wamsley Mine, Mineral County, Nevada, USA.  The 58 
chemical analysis of this mineral has been published by Anthony et al. [27].  The mineral 59 
analysed as PbO 44.1%, Sb2O3 40.4%,. Some samples showed traces of Fe as Fe2O3 and 60 
traces of As as As2O5.  A spectrum of bindheimite of questionable quality was also 61 
downloaded from the RRUFF data base for comparison. This sample was used to obtain the 62 
Raman spectrum of bindheimite and originated from Arabia District, Pershing County, 63 
Nevada, USA.  64 
 65 
2.2 Raman spectroscopy 66 
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 67 
The crystals of bindheimite were placed and oriented on the stage of an Olympus 68 
BHSM microscope, equipped with 10x and 50x objectives and part of a Renishaw 1000 69 
Raman microscope system, which also includes a monochromator, a filter system and a 70 
Charge Coupled Device (CCD). Further details have been published  [18-26].   71 
 72 
2.3 Infrared spectroscopy 73 
 74 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a 75 
smart endurance single bounce diamond ATR cell. Spectra over the 4000525 cm-1 range 76 
were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 and a mirror velocity 77 
of 0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.  The minerals 78 
were used as is. No sample preparation was involved. 79 
 80 
Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, 81 
Germany) software package which enabled the type of fitting function to be selected and 82 
allowed specific parameters to be fixed or varied accordingly. Band fitting was done using a 83 
Lorentz-Gauss cross-product function with the minimum number of component bands used 84 
for the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 and 85 
fitting was undertaken until reproducible results were obtained with squared correlations ( r2) 86 
greater than 0.995.  Band fitting of the spectra is quite reliable providing there is some band 87 
separation or changes in the spectral profile.   88 
 89 
3. Results and discussion 90 
 91 
The structure of bindheimite is cubic [3].  The mineral is centrosymmetruc. Therefore 92 
the Raman bands and infrared bands should be mutually exclusive if the symmetry is 93 
preserved. The Raman bands will be infrared inactive and vice versa. The Raman 94 
spectrum of bindheimite in the 100 to 900 cm-1 region is shown in Figure 1.   The 95 
infrared spectrum in the 600 to 1800 cm-1 region is reported in Figure 2. The Raman 96 
spectrum is dominated by a very sharp band at 656 cm-1 attributed to the SbO 97 
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symmetric stretching vibration. In the infrared spectrum a very intense band at 678 98 
cm-1 with component bands at 727 and 791 cm-1.   DFT calculations on similar 99 
compounds involving high atomic mass elements shows that the symmetric stretching 100 
vibrations occur at higher wavenumbers than the antisymmetric stretching bands. 101 
Difficulty of undertaking DFT calculations on this mineral was experienced. An 102 
energy minimum could not be obtained. The reason for this is that the positions of the 103 
protons in the structure is not well defined. Also it is likely the mineral contains water 104 
in the structure (see below).  One likely assignment of these infrared band at 678 cm-1 105 
is to the symmetric stretching vibration and the two bands at 727 and 791 cm-1 to the 106 
antisymmetric stretching vibrational modes.  In the Raman spectrum of bindheimite 107 
Arabia District, Pershing County, Nevada, USA downloaded from the RRUFF data 108 
base two intense bands were observed at 502 and 562 cm-1.  The position of these 109 
bands differs from those observed in this work.  It is questionable that the spectrum in 110 
the data base is correct, as the spectrum differs so much from other antimony 111 
containing minerals [7].  It is possible that orientation effects could offer an 112 
explanation for the difference in the spectra. Bouchard et al. reported the Raman 113 
spectra of many minerals which may be found in stained glass [28]. Some of these 114 
minerals contain antimony oxides.  115 
 116 
In the Raman spectrum very low intensity bands at 749 and 814 cm-1 may be assigned 117 
to OH deformation modes.  A strong Raman band at 512 cm-1 is observed.  The assignment 118 
of this band is not known but it may be the SbO anti-symmetric stretching vibrational mode. 119 
Raman bands are observed at 148, 158, 208 cm-1 and are assigned to lattice vibrations. A 120 
series of Raman bands at 293, 312, 328 and 351 cm-1 are attributed to OSbO bending modes.  121 
As there has been very little published on the Raman and infrared spectra of antimonite 122 
minerals such as bindheimite, it is worthwhile to make comparisons with other antimony 123 
containing minerals. One such mineral is brandholzite MgSb2(OH)12·6H2O  (the authors 124 
work).  Intense Raman bands are observed for the mineral brandholzite MgSb2(OH)12·6H2O 125 
at 303, 318 and 340 cm-1. One likely assignment of these bands is to OSbO bending modes. 126 
Such an assessment fits well with the assignment of bands for MSbO4 structures as reported 127 
by Farmer [29].  The observation of multiple bending modes suggests the non-equivalence of 128 
SbO units in the bindheimite structure.     Low wavenumber bands in similar positions are 129 
observed for MSbO4 [29].  According to Siebert, [30, 31] all band positions in the 200 to 600 130 
cm-1 region are assignable to bending vibrations. The observation of multiple bands for 131 
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bindheimite in the Raman spectrum provides evidence for the non-equivalence of SbO units 132 
in the bindheimite structure.  In the infrared spectrum of antimony pentoxide an intense band 133 
is observed at 740 cm-1 and low intensity bands at ~370, 450 and 680 cm-1 [32].  The infrared 134 
spectrum of valentinite (Sb2O3)4 showed bands in similar positions [32].   In the infrared 135 
spectrum of bindheimite a set of overlapping bands are observed at 912, 935, 979, 1008, 1037 136 
and 1058 cm-1.  The likely assignment of these bands is to SbOH deformation modes.  For the 137 
mineral brandholzite, four Raman bands were observed at 1043, 1092, 1160 and 1189 cm-1 138 
and eight infrared bands at 963, 1027, 1055, 1075, 1108, 1128, 1156 and 1196 cm-1 were 139 
observed (JRS submitted). These bands were assigned to δ OH deformation modes of SbOH 140 
units. 141 
 142 
The observation of a broad infrared band at 1640 cm-1 provides support for the 143 
concept that water is involved in the structure of bindheimite.  This concept is supported by 144 
the observation of a broad band centred upon 3200 cm-1 which may be resolved into 145 
component bands at 3157, 3378, 3484 cm-1 and which is attributed to water stretching 146 
vibrations. The low intensity bands at 3624 cm-1 may be due to the OH stretching bands of 147 
SbOH units.  Thermogravimetric analysis of bindheimite displays two mass loss steps at 105 148 
and around 350°C.  These mass loss steps are attributed to dehydration and dehydroxylation. 149 
The combination of infrared spectroscopy and thermal analysis supports the concept of both 150 
water and OH units being involved in the bindheimite structure. 151 
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4. Conclusions 152 
 153 
 The mineral bindheimite has been studied by a combination of Raman and infrared 154 
spectroscopy.  The mineral bindheimite has classically been given the formula mineral 155 
Pb2Sb2O6(O,OH). However infrared spectroscopy identifies bands assignable to water 156 
stretching and bending vibrations. This suggests that water is involved in the structure of 157 
bindheimite and the formula is better written Pb2Sb2O6(O,OH, H2O).   158 
  159 
Intense Raman band at 656 cm-1 is assigned to SbO stretching vibrations.  Other lower 160 
intensity bands at 664, 749 and 814 cm-1 may also be assigned to this vibration.  This 161 
observation suggests the non-equivalence of SbO units in the structure.    Low intensity 162 
Raman bands at 293, 312 and 328 cm-1 are probably assignable to the OSbO bending 163 
vibrations. Infrared bands at 979, 1008, 1037 and 1058 cm-1 are attributed to δ OH 164 
deformation modes.   165 
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Fig. 3 Infrared spectrum of bindheimite in the 2500 to 3800 cm-1 region.230 
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